D endritic spines receive excitatory or inhibitory input from axons. As a component of the synapse, dendritic spines are present on most principal neurons in the brain. Numbering from the hundreds to thousands in a single neuron, they make complex wiring of the nervous system possible. Dendritic spines are likely involved in learning and memory, and may play roles in disorders ranging from cognitive dysfunction to amblyopia. Dendritic spines come in a variety of shapes and sizes, but even the largest rarely exceeds 1 µm 3 in volume. An electron-dense region located at the tip of the spine contains glutamate receptors, which are involved in initiating the signaling cascade. The sequence is mediated by various kinases and results in electrical transmission to the cell body of the neuron.
Although dendritic spines were discovered by Santiago Ramón y Cajal nearly 130 years ago, he did not initially attach any functional significance to them. The first person who proposed that dendritic spines were a nexus of interneuronal communication was Henry J. Berkley in 1896. An often overlooked contributor to neuroscience, he was a clinical professor of psychiatry at Johns Hopkins School of Medicine. His observations on the anatomic organization of the brain helped convince other scientists, including Ramón y Cajal, that dendritic spines are capable of linking neurons.
Ramón y Cajal was the first anatomist to offer convincing evidence that dendritic spines were real protoplasmic projections, rather than staining artifact, as claimed by Camillo Golgi and others. Using both the silver impregnation and methylene blue stains to examine Purkinje cells of the cerebellum by light microscopy, Ramón y Cajal observed the "thorns or short spines" as terminal branches of the dendrite. Each of the short terminal ramuscules ends in a bulb of precisely similar form to those on the branches of the ascending fibers (ie, either rounded or biscuit shaped) and these spherical apparatus are closely adjusted against the bulbous tips of the gemmules, at times the approximation being so close that the impression is given of actual contact, although it should be remembered that the slightest overlapping will produce the same effect, and on the whole it is more probable that there is no actual contact, but that the axonal discharges of the stimuli overlap the infinitesimal distance between the bulb and the gemmule (p. 96).
Earlier in the monograph, Berkley explained that the function of the gemmule is to receive nerve impulses from the endings of numerous nerve fibers that seem almost to touch the dendritic spine. This key anatomic relationship was shown in his illustration (Figure 1) . The next year Charles Sherrington introduced the word "synapse" to describe the theoretical junction of axon and dendrite, which may have simplified discussion over whether such an intersection existed but did not settle the controversy. Ramón y Cajal was familiar with Berkley's work and cautiously accepted that these short spines might be part of the synapse. Indirect evidence continued to support this conclusion, but not until the late 1950s would ultrastructural studies confirm that dendritic spines were part of the interneuronal synaptic complex.
These miniscule spines have assumed considerable importance as the concept of plasticity of the visual cortex has advanced. Synaptic modifications likely occur as the visual system adapts to the visual environment. Restructuring synaptic connections in cortical circuits may explain how visual information is stored. Factors that interfere with the normal visual experience during critical periods of development may also exert lasting adverse effects on dendritic spines. Experimental studies in monocular deprivation have shown that the rate of spine formation and density are altered. These changes return to baseline with restoration of binocular vision.
Following even brief monocular deprivation, the supragranular and intragranular layers of the binocular zone of the mammalian primary visual cortex undergo physical changes. These changes lead to amblyopia. A key element of these time-dependent cortical changes is the degradation of extracellular matrix, mediated through the tPA/plasmin proteolytic cascade. There are also limits of when during life certain structural alterations in dendritic spines can take place. This is perhaps another component in the development of amblyopia. How exactly structural alterations in dendritic spines occur is an area of intense investigation. One means of influencing the process of structural plasticity is through the nogo receptor, which is found on neurons. This receptor for myelin-associated proteins plays an intermediary role in axonal growth inhibition, thereby helping to regulate axonal regeneration and plasticity in the central nervous system. Preliminary studies have shown that the nogo receptor may act through a number of different mechanisms to limit the development of binocular function and visual acuity. One of these mechanisms affects dendritic spine morphology and hence decreases synaptic transmission levels.
It has been more than a century since Henry J. Berkley proposed that the dendritic spine is involved in interneuron communication. Although too small to study by light microscopy, postsynaptic dendritic spines are capped with receptors and adhesion molecules. The head and neck of spines are filled with linear and branched actin molecules that interact with microtubules in the dendritic shaft. With research technologies capable of studying neural tissue at nanometer resolution, scientists are now poised to expand knowledge of the dendritic spine in health and disease. 
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